Frank vectorcardiographic P loops with satisfactory signal-to-noise ratio were obtained from 44 patients with ostium secundum atrial septal defect (OSASD), confirmed at operation, by using computer-averaging technique of 8 successive beats. Morphological and quantitative analyses of the P loop were made in order to reveal those characteristics of the P loop in OSASD which seemed most typically to show volumetric or diastolic overloading of the right atrium. Twenty-three automatically measured parameters of the P loop were compared with hemodynamic variables such as the systolic right ventricular pressure (s-RVP) and the leftto-right shunt ratio.
relation between magnitude of the maximal horizontal P vector (XmV) and the shunt ratio (Y%) was the highest of all (r=0.426, p<0.01), the regression equation being Y=130.7X+49.8 (SEE=11.5%). These findings seem to suggest that the horizontal P loop can provide valuable information for the vectorcardiographic diagnosis of the presence of right atrial diastolic overloading and for estimating the degree of its severity.
Additional Indexing Words: Frank-vectorcardiographic P loop Volume overloading Pressure overloading ROM the hemodynamic viewpoint, the right atrium is considered as being overloaded either by an increase in pressure or by an augmented volume of blood in this chamber (systolic and diastolic overloading). In some cases both conditions may coexist. Sanchez-Cascos et al1) and Anselmi et al2) recognized the difference in the P wave in the electrocardiogram (ECG) between systolic and diastolic overloading of the right atrium. Although the P wave has been analyzed by a number of workers, it appears that few, if any, studies on the P loop in the vectorcardiogram (VCG) have been reported in atrial septal defect (ASD), which is a relatively common type of congenital heart disease and shows mainly volume or diastolic overloading of the right atrium. Many studies on the P loop in right atrial overloading have been reported without considering the type of hemodynamic overloading.
The purpose of this study is to identify the morphological and quantitative characteristics of the Frank vectorcardiographic P loop in ostium secundum atrial septal defect9) (OSASD), as recorded by computer-averaging technique and analyzed by a digital computer,4)-8) and also to evaluate the relationship between P loop parameters and hemodynamic variables which have been thought to indicate the presence and degree of right atrial overloading in clinical practice.
MATERIALS AND METHODS
The material consisted of 44 patients (20 males and 24 females, age ranged from 15 to 58 years; mean age 26.7) with ostium secundum atrial septal defect (OSASD) and normal sinus rhythm (Table I) . They had no other congenital cardiac malformations such as partial or total anomalous pulmonary venous return or acquired cardiovascular disease or systemic hypertension. The diagnosis of each patient was confirmed at the time of surgical operation.
In every case cardiac catheterization was performed to obtain the right heart pressures and the data necessary for the calculation of the left-to-right shunt ratio. The pressures were measured with Nihonkoden MPU-0.5 strain gauge transducers. The material for the present study was selected from cases where systolic pulmonary Abbreviations: Peak time=time interval from the P wave onset to the maximal P-vector in 3 projection planes; Time=time interval from the P wave onset to the spatial maximal P-vector; SD=standard deviation. Fig. 1 . Distributions of the maximal P-vector angles and magnitudes in 3 projection planes in ostium secundum atrial septal defect.
ters and each of 23 P loop parameters.
In the present study, normal ranges of P loop measurements obtained from the analysis of 301 normal subjects previously reported by Yokota et al5), 8) were used as the control, and the 97.5 percentile values were considered as the upper limit of normal.
RESULTS
Quantitative analysis of the P loop: Means, standard deviations and distribution ranges of 23 P-loop parameters are shown in Table II . The magnitude and direction of the maximal P-vectors in three projection planes are shown in Fig. 1 .
P duration was longer than 120msec in only 2 out of 44 cases. The magnitudes of the maximal frontal and the left sagittal P-vectors exceeded 0.167mV in 17 cases (38.6%) each. In 29 cases (65.9%) the magnitude of Fig. 2 . Pattern classification of horizontal P loop in ostium secundum atrial septal defect. Type A: The P loop must be counterclockwise (CCW), and the maximal Pvector angle must be directed anteriorly and to the left. Terminal posterior force of the P loop must be less than 0.05mV in leftward deviation. Type B: The P loop must be CCW, and the maximal P-vector angle must be directed anteriorly and to the left. Terminal posterior force must be more than 0.05mV in leftward deviation, and the maximal posterior P-voltage must be less than 0.025mV. Type C: The P loop must be CCW. The majority of the maximal P vector angles must be directed anteriorly and to the left, but in very rare cases they may be deviated posteriorly and to the left. Terminal posterior force must be more than 0.05mV in leftward deviation, and the maximal posterior voltage more than 0.025mV. The horizontal P loop pattern fell into 3 morphologic groups (Type A, Type B, and Type C) as illustrated in Fig. 2 . Thirteen cases (29.5%) were of Type A, 22 cases (50.0%) were of Type B, and 9 cases (20.5%) were of Type C (Table I) . A typical case of each of these types is shown in Figs. 3-5 .
The clinical data of each group are listed in Table I . There was a statistically significant difference for age among the 3 groups (p<0.01), and a significant difference for the shunt ratio in groups 'Type A and Type B' com- Fig. 3 . Frontal (F), horizontal (H), and left sagittal (LS) P loops from a patient with ostium secundum atrial septal defect (16 years old, male) whose horizontal P loop was classified as Type A. These loops are recorded at a sensitivity of 40cm/mV with computer averaging technique of 8 successive beats. Fig. 4 . Planar-projection P loops and orthogonal scalar leads from a patient with ostium secundum atrial septal defect (26 years old, male) whose horizontal P loop was classified as Type B. Short upright vertical lines drawn on the scalar leads represent the onset and end of the P wave. pared with that in group 'Type C' (p<0.01). There was no significant difference in mean values of systolic right atrial and ventricular pressure (s-RAP and s-RVP, respectively) between the 3 groups. The result of correlation studies between P loops and hemodynamic variables: There was a significant correlation between each of 23 P-loop parameters and the selected hemodynamic variables as shown in Table III . The correlation between the magnitude of the maximal horizontal P vector (XmV) and the shunt ratio (Y%) was the highest (r=0.426, p<0.01), the regression equation being Y=130.7X+49. 8 (SEE=11.5%). There was no significant correlation between any of 23 P-loop measurements and systolic or mean RAP.
DISCUSSION
Overloading of the right atrium is quite common in congenital heart Vol.21 No.5 diseases. There seem to be 2 types of hemodynamic overloading of this chamber: pressure or systolic overloading and volume or diastolic overloading, as first described by Sanchez-Cascos et al.1) Recently, several authors4),6),7),12)-14) have suggested that the analysis of the P loop in VCG is clearly superior diagnostically to the analysis of the P wave in ECG. Studies3) on the P loop of ASD, which probably shows volume or diastolic overloading of the right atrium most typically, have, however, been made less extensively than the analysis of the scalar signal.15)-22) This is easily understood because of the technical difficulties in the acquisition of P loops with acceptable signalto-noise ratio, noise being clearly apparent in the individual loops. With recent advances in computer technology, however, it has become possible to employ averaging or summation technology23) to enable the detection and analysis of low level coherent signals in the presence of interference. In the present study, the P wave zone was summed up over 8 consecutive beats by a small digital computer to reduce noise,4)-1) in order to obtain loops with satisfactory signal-to-noise ratio still having comparatively high frequency components such as notches.24)-26)
Several physiological factors, such as respiration and the concomitant autonomic nervous system effects are generally regarded as affecting the P-vector.27),28) In order to make detailed analysis of the P loop, it becomes imperative that the influence of these physiological variables, so-called beatto-beat variations, should be minimized. The computer averaging technique of 8 successive beats, almost always covering more than 1 cycle of respiration, may minimize variability related to respiration or to beat-to-beat variation.
Several studies on the P wave in ASD have been published. It is surprising, however, that only few abnormalities have been reported. Anselmi et al2) found normal P waves in all 40 cases of ASD. Similar findings were reported by Martins de Oliveira and Henry Zimmermanl7),19) who found P waves over 2mm in height in only 4 out of 50 cases of ASD.
In the great majority of our 44 cases of OSASD , the direction of the maximal P-vector and the P duration were within 95 percentile ranges of normal as defined by Yokota et al.5),8) However , the magnitudes of the maximal horizontal P-vector, mean polar P-vector and the maximal spatial P-vector were above the 97.5 percentile of normal value in 66% , 55%, and 50% of the cases, respectively. Similar findings were reported by Thomas D. Giles and George E. Burch3) who found that 10 out of 11 patients with OSASD had abnormal P loops but only 3 patients had abnormal P waves . These results suggest that the vectorcardiographic analysis of the P loop is more useful for screening of right atrial diastolic overloading in ASD than the electrocardiographic analysis of the P wave. 
